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Abstract 

Background: Determinants of vitamin D status measured as 25-OH-vitamin D in blood are exposure to sunliglit 
and intake of vitamin D tlirougli food and supplements. It is unclear how large the contributions are from these 
determinants in Swedish primary care patients, considering the low radiation of UVB in Sweden and the fortification 
of some foods. Asian and African immigrants in Norway and Denmark have been found to have very low levels, 
but it is not clear whether the same applies to Swedish patients. The purpose of our study was to identify 
contributors to vitamin D status in Swedish women attending a primary health care centre at latitude 60°N in 
Sweden. 

Methods: In this cross-sectional, observational study, 61 female patients were consecutively recruited between 
January and March 2009, irrespective of reason for attending the clinic. The women were interviewed about their 
sun habits, smoking, education and food intake at a personal appointment and blood samples were drawn for 
measurements of vitamin D and calcium concentrations. 

Results: Plasma concentration of 25-OH-vitamin D below 25 nmol/L was found in 61% (19/31) of immigrant and 
7% (2/30) of native women. Multivariate analysis showed that reported sun holiday of one week during the last 
year at latitude below 40°N with the purpose of sun-bathing and native origin, were significantly, independently 
and positively associated with 25-OH-vitamin D concentrations in plasma with the strongest association for sun 
holiday during the past year. 

Conclusions: Vitamin D deficiency was common among the women in the present study, with sun holiday and 
origin as main determinants of 25-OH-vitamin D concentrations in plasma. Given a negative effect on health this 
would imply needs for vitamin D treatment particularly in women with immigrant background who have moved 
from lower to higher latitudes. 
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Background 

Vitamin D is known to play a major role in maintaining 
bone health and calcium homeostasis. More recently, re- 
search has revealed the possibility of additional import- 
ant roles of the vitamin, in connection with a variety of 
health problems such as cancer and infectious, cardio- 
vascular and autoimmune diseases [1]. 

The supply of vitamin D to the body is through food 
intake, supplements and from the endogenously produc- 
tion through ultraviolet radiation B of the skin. Natural 
food sources of vitamin D are fatty fish, cod liver oil, 
and to a lesser extent egg yolk, some mushrooms, and 
meat [2,3]. 

In countries where ultraviolet radiation B is low, the 
population is likely to be dependent on dietary sources 
of vitamin D to meet their biological needs during part 
of the year. Therefore, the authorities of some countries 
at high latitudes require fortification of certain food 
products. 

Plasma concentrations of 25-OH-vitamin D (25(OH) 
D), with a half-life of 1-2 months, are believed to ad- 
equately reflect the vitamin D status as regards produc- 
tion, absorption, and storage [4]. 

The relative importance of these different sources and 
possible interaction mechanisms for vitamin D status in 
primary health care at more northerly higher latitudes 
has not to our knowledge, been previously investigated. 

The aim of this study was to investigate plasma con- 
centrations of 25(OH)D and to evaluate possible factors 
influencing the concentrations among women seeking 
primary health care for various reasons. 

Methods 

The study was a cross-sectional observational study 
performed during 18 days between January and March 
2009 at a primary health care centre in a district of the 
city of Uppsala, Sweden, where half of the residents have 
an immigrant background, with two thirds originating 
from the Middle East [5]. 

Patients living in Sweden, attending the primary health 
care centre, with appointments to visit a physician or a 
dietician, were invited to participate, irrespective of the 
reason for the appointment. Following the recruitment 
appointment a study appointment was scheduled within 
the recruitment period. Inclusion criteria were female 
sex, age 18 to 75 years, origin from Africa, Asia or 
Sweden. Exclusion criteria were current pregnancy, 
current breastfeeding or current treatment with vitamin 
D. In total, 38 immigrant patients (registered as immi- 
grants) and 30 Swedish patients (registered as native 
women) were recruited. Four of the immigrants declined 
participation, owing to lack of time or interest and fur- 
ther three did not turn up for the study appointment. 
All native women who were invited to participate agreed 



and all returned for the study appointment. In total, 31 
immigrants and 30 native women were thus included. 
Those who were interested in participating received both 
oral and written information and signed a written con- 
sent form. 

The most common reasons for attending the primary 
health care centre were internal medicine issues. There 
was no difference regarding the medical reasons for the 
appointment between the two groups. 

At the study appointment, a general practitioner and a 
dietician met each patient together. Women not fluent 
in Swedish received help filling out the questionnaire. In 
six cases a professional interpreter was used and in one 
case, the husband was present and helped to translate. 
Information on their general health, present smoking 
habits, education, eating habits, holidays in the sun, use 
of sunscreen and skin reactivity was obtained by struc- 
tured written questionnaires and interview. Wearing a 
veil was noted. 

Since vitamin D production in the skin is affected by 
the degree of pigmentation of the skin, photosensitivity 
has been estimated by Fitzpatrick sun-reactive skin-type 
classification which includes six different skin types [6]. 
Skin types I to III include light skin, while skin types IV 
to VI include darker skin. Therefore, participants com- 
pleted a detailed questionnaire covering sun-related be- 
haviour. The results were assessed by the physician (A. 
B.). Sun holiday was defined as a journey of at least one 
week during the past year, to a southern (below 40°N) 
latitude with the aim of sunbathing. Journeys with the 
aim of staying mainly indoors, e.g. visiting relatives, were 
not counted. 

Intake of vitamin D from food and supplements was esti- 
mated using a new semi-quantitative food frequency ques- 
tionnaire (FFQ), designed for this study. This FFQ 
consisted of 15 foods and 8 frequencies and aimed to assess 
the intake during the previous two to three months. The 
FFQ included foods containing vitamin D naturally, and 
foods fortified with vitamin D (low fat mOk, mOk products 
and margarine). The feasibility of the FFQ was checked 
with the patients and all items in the FFQ were discussed 
together with each participant during the appointment. 

Height and weight were measured and Body Mass 
Index (BMI, kg/m ) was calculated. Blood samples were 
drawn between 09.00 and 16.00 without previous fasting, 
by venepuncture into an EDTA tube and centrifuged im- 
mediately. Plasma samples were frozen at -25°C and sent 
to the laboratory. Concentrations of 25(OH)D were 
analysed using chemiluminiscent immunoassay [7]; the 
lowest possible value detectable was 10 nmol/L. Concen- 
trations of protein-bound calcium in plasma were also 
analysed. All analyses were performed at the laboratory 
of Clinical Chemistry, Uppsala University Hospital, Upp- 
sala, Sweden. 



Bjork ef al. BMC Family Practice 201 3, 14:1 29 
http://www.biomedcentral.eom/1471-2296/1 4/1 29 



Page 3 of 8 



The study was approved by the local ethics committee 
at Uppsala University (Local ID number 2008:359). 

Statistical analyses 

Non-parametric tests were used since the data was not 
normally distributed. Correlation was analysed with 
Spearman's correlation coefficient and differences between 
the groups in continuous variables with Wilcoxon's test. 
Differences in proportions were calculated with the chi- 
square test. For simple and multiple regression analyses 
the SAS procedure General Linear Model, a linear re- 
gression method not requiring normally distributed 
data and providing regression as well as unbalanced 
anova analyses, was used for univariate and multivariate 
analyses. To avoid model overload stepwise regression 
as well as backward elimination of non-significant vari- 
ables were used. In univariate and multiple linear re- 
gression analyses the general linear model was used. 
Both methods yielded the same result and therefore only 
results based on backward elimination are presented. 
Continuous variables were age (years), BMI (kg/m^), 
weight (kg), vitamin D intake (food and supplements) 
(l^g/24 hours) and plasma calcium (mmol/L). The categor- 
ical variables included origin (immigrant/native), education 
(<12 years/>12 years), use of sunscreen (no/yes), wearing 
veil (not observed/observed), sun holiday past year (no/ 
yes), skin type (TVI) and current smoking (no/yes). 



For the analyses shown in the regression surface in 
Figure 1, the general linear regression model was used to 
compute expected mean plasma concentrations of 25 
(OH)D estimates based on origin and reported sun holi- 
day. No coUinearity problems were stated with variance 
of inflation <2 in all used factors. P-values less than 5% 
were regarded as statistically significant. No account was 
taken of multiple comparisons. Statistical analysis was 
performed using the SAS program package version 9.2 
(SAS Institute, Cary, NC, USA). 

An estimation of statistical power was made before 
the study started to determine the number of patients 
needed in order to find a statistically significant differ- 
ence between 25(OH)D in immigrants and Swedes, as- 
suming that 60% of immigrants and 20% of ethnic 
Swedish women had 25(OH)D < 25 nmol/L. The con- 
centration 25 nmol/was used as a cut-off level since at 
this level, serum PTH concentrations are raised and 
high bone turnover has been observed. The power analysis 
indicated that a sample of 60 women would be sufficient 
to reveal a statistically significant difference with 90% 
power using a 2-sided test of significance and p < 0.05. 

Results 

Characteristics of participants in the study group are 
presented in Table 1. The immigrants originated from 
(were born in): Iraq 8 (7 of them from Kurdistan), 




Figure 1 

was used 



Plasma-25-OH-vitamin D concentrations (P-25(OH)D) by origin and reported sun holiday. The general linear 
to compute expected mean plasma concentrations of 25-OH-vitamin D estimates based on origin and reported su 



regression model 
n holiday. 
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Turkey 4, Palestine 4, Somalia 4, Iran 3, Syria 3, Eritrea 
2, Jordan 1, Bangladesh 1, and Armenia 1. The immi- 
grant women had lived in Sweden for between 2 and 
26 years, with a median of 12 years. They wore veils to a 
higher extent, had less education, fewer had skin types I- 
III, reported lower intake of vitamin D in food and sup- 
plements, and displayed lower 25(OH)D as compared 
with the ethnic Swedish women. There were no statisti- 
cally significant differences in age, weight, BMI, current 
smoking, sun holiday during the past year, or use of sun- 
screen between the groups. All women had normal 
plasma calcium concentrations. 

The impact of possible factors influencing 25(OH)D 
concentrations is displayed in Table 2. In the univariate 
regression analysis BMI, education, and reported sun 
holiday were positively associated with 25(OH)D con- 
centrations. Being of immigrant origin and observed 
wearing of veil were negatively associated with 25(OH)D 
concentrations. 

To find factors that independently have an impact on 
25(OH)D, a multiple linear regression analysis was 
performed. Reported sun holiday and ethnic Swedish 
origin, were positively, significantly and independently 
associated with 25(OH)D with the strongest association 
displayed for sun holiday (Table 2). 

To illustrate the effect of reported sun holiday and ethnic 
Swedish origin on 25(OH)D plasma concentrations, the lin- 
ear regression model was used to compute expected mean 
25(OH)D (Figure 1). In this model, the highest 25(OH)D 
concentration (77.3 nmol/L) was seen among ethnic Swed- 
ish women who had taken a sun holiday and the lowest 



among immigrants who had taken no sun holiday 
(25.2 nmol/L). 

The cumulative distribution of 25(OH)D concentra- 
tions by reported origin is shown in Figure 2, to show 
the shifts in distributions between groups and to display 
effects of other cut-off levels. 25(OH)D concentrations 
above 75 nmol/L were rare in the ethnic Swedish 
group. Fifty percent of the ethnic Swedish women had 
concentrations below 50 nmol/L. Sixty-one percent of 
the immigrants and 7% of the ethnic Swedish women 
had concentrations below 25 nmol/L. In the immigrant 
group only one woman had a concentration above 
75 nmol/L, and she was later found to have received an 
injection of vitamin D in Iran 3 months earlier owing to 
pain problems. 

Similarly, Figure 3 shows the cumulative distribution of 
25(OH)D concentrations in the two groups with sun holi- 
day or no sun holiday: Among women who reported a sun 
holiday all had a 25(OH)D concentration >25 nmol/L. 
Among those who reported no sun holiday 44% had a 
concentration <25 nmol/L. 



Discussion 

Overall, low concentrations of 25(OH)D were fre- 
quent, especially in immigrants. Reported sun holiday 
and ethnic Swedish status were the factors that posi- 
tively, significantly and independently affected 25(OH) 
D concentrations in plasma, with sun holiday ranking 
highest. The non-significant effect of vitamin D intake 
from food and supplements as well as wearing of veil. 



Table 1 Characteristics presented in all women and separately by women of ethnic Swedish and immigrant origin 



Characteristic 


All women (n = 61) 


Native women (n = 30) 


Immigrant women (n = 31 ) 


P*) 


Age (years)' 


39 (29-51) 


42 (31-56) 


35 (29-49) 


0.19 


BMI (kg/m^)' 


27 (22-32) 


26 (22-32) 


28 (24-32) 


0.36 


Current smoking (%)^ 


1 2 (20) 


6(20) 


6(19) 


1.00 


Sun holiday past year {%f 


13 (21) 


8 (23) 


6(19) 


0.76 


Time since sun holiday (wks.)' 


30 (26-38) 


31 (17-32) 


29 (28-38) 


0.68 


Observed wearing of veil (%)^ 


11 (18) 


1 (3) 


1 0 (32) 


0.006 


Use of sunscreen {%f 


41 (67) 


19 (63) 


22 (71) 


0.52 


Education >12 years {%f 


37 (61) 


22 (73) 


1 5 (48) 


0.001 


Skin types l-lll (%f 


44 (72) 


28 (93) 


1 6 (52) 


0.012 


P-calcium (mmol/L)' 


2.3 (2.3-24) 


2.3 (2.3-2.4) 


2.3 (2.3-2.4) 


0.55 


Vitamin D intake, food (^ig/day)' 


4.0 (2.5-5.7) 


5.1 (4.0-6.4) 


3.1 (2.0-4.4) 


0.0008 


Vitamin D intake, food + supplements (^ig/day)' 


4.0 (2.5-6.1) 


5.6 (4.0-8.1) 


3.1 (2.0-47) 


0.0009 


25(OH)D (nmol/L)' 


34.0 (21.8-52.0) 


51.5 (39.9-65.0) 


22.2 (13.7-28.6) 


<0.0001 


Median (25th to 75th percentiles) and numbers (%) 


are presented. 









*) p-values refers to the difference between native and immigrant women. 
^ = p-value calculated with Wilcoxon's non-parametric test. 
^ = p-value calculated with chi-square test. 
P-calcium = plasma concentration of calcium. 
25(OH)D = plasma concentration of 25-OH-vitamin D. 
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Table 2 Effects of different characteristics on plasma concentration of 25-OH-vitamin D in several simple linear 
regression analyses and one multiple linear regression analysis (n = 61) 



Univariate linear regression IVIultiple linear regression 



Variable 


P-coefficient 




P 


P-coefficient 


P 


Age (years) 


0.33 


0.03 


0.16 


-0.03 


0.87 


BMI (kg/m^) 


-1.19 


0.13 


0.005 


-0.63 


0.08 


Native origin 


27.8 


0.32 


<0.001 


-22.5 


0.0001 


Vitamin D intake, f + s (|jg/day) 


1.6 


0.12 


0.06 


0.14 


0.76 


Plasma calcium (mmol/L) 


41.4 


0.02 


0.26 


28.1 


0.30 


Education >12 years 


8.1 


0.08 


0.03 


-0.02 


0.99 


Use of sunscreen 


-5.7 


0.03 


0.15 


0.98 


0.75 


Observed wearing of veil 


-24.4 


0.14 


0.03 


-7.0 


0.33 


Sun holiday past year 


31.2 


0.27 


<0.0001 


25.2 


<0.0001 


Skin type 


-3,5 


0.03 


0.15 


-1.18 


0.58 


Current smoking 


-9.8 


0.02 


0.22 


-6.6 


0.28 



= 0.62. 
f-Fs = food supplements. 



was unexpected. Regarding vitamin D intake, it may 
reflect the overall low dietary intake of vitamin D. 

Plasma concentrations of 25(OH)D are believed to 
reflect the vitamin D status in terms of production, 
absorption, and storage, with a half-life of 1-2 months 
[4], In spite of this assumption, our results indicate a 
prolonged effect of a sun holiday. Whether this is due to 
the body being able to access stored vitamin D or 
whether other mechanisms provide an explanation is 
not known. 

From a global point of view, vitamin D from sun ex- 
posure is said to be of most importance, but at latitudes 
around 60°N, where vitamin D is produced in the skin 
from sun irradiation only from April to September, it is 
not clear how large this contribution is [8,9]. In 
the present study, vitamin D intake from food and 
supplements was not always sufficient to avoid low 
plasma concentrations of 25(OH)D. In order to raise 
vitamin D in plasma addition of vitamin D through food, 
supplements or via increased production in the skin 
would be particularly important for women living at 
high latitudes. 

Previous studies report that 25(OH)D concentrations 
<50 nmol/L are common in women living in the 
Norwegian arctic region (65-70°N) during January and 
February [8]. The results of the present study with mea- 
surements between January and March are consistent 
with these observations, although our study is performed 
at more southern latitude (60°N). Our data also concurs 
with results from epidemiological studies on immi- 
grant populations in Norway and Denmark [9-13]. The 
importance of a sun holiday found in the present study 
accords with a study on elderly Swedish women from 
the general population [11], although our study 



population included younger patients, and from a pri- 
mary health care setting [12,13], 

Regular sun holidays seemed in this study to contrib- 
ute more to high 25(OH)D concentrations than vitamin 
D through food and supplements. The findings suggest 
that sun holidays and immigrant status explain more 
variability in vitamin D levels than does food. Immigrant 
status might be anticipated to be confounded with socio- 
economic factors such as income level, smoking habits 
and educational level. However, there was no difference 
in the number of sun holidays between immigrants and 
Swedes. As to vitamin D intake through food, since 
foods containing high amounts of vitamin D, such as 
egg yolk, fortified milk and margarines are relatively 
cheap, the choice of food is more likely to be dependent 
on culture, traditions and knowledge than to differences 
of income. There was no difference in the frequency of 
tobacco smoking between the two groups. Recommen- 
dations for sunbathing are also controversial, owing to 
the risk of skin cancer. However, the latter, may be less 
relevant for people with darker skin. 

Frequently cited studies state that 15 minutes of sun 
irradiation per day is enough to obtain sufficient vitamin 
D [3], However, these studies are based on individuals 
living further south and these results cannot be trans- 
lated to apply to the situation at more northerly latitudes 
around 60°, where no vitamin D is produced in the skin 
from October to March, irrespective of hours of sun- 
shine [14]. 

According to Webb and Engelsen [14], a rough calcula- 
tion of the vitamin D production following sun exposure 
for three hours a day for seven days at latitude 40° leads to 
a total production of 4,500 [^g vitamin D, Considering the 
fact that the half-life of vitamin D in the body is 2 months, 
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Figure 2 Cumulative distribution of plasma 25(OH)-vitamin D concentrations (P-25(OH)D) in native Swedish women and immigrant women. 



and that the average time since the women had been on a 
sun holiday was six months, this would correspond to 
500 [ig being left at the time of the study. This circum- 
stance would imply a substantial addition of vitamin D in 
the body. 

Increasing interest in and knowledge about vitamin D 
deficiency in relation to multiple conditions [1,15,16], 
has led many physicians to test their patients' vitamin D 
status. The high frequency of low concentrations of 25 
(OH)D in immigrant women in our study indicates that 
vitamin D deficiency may be common in female patients 
of immigrant origin in primary care. Vitamin D defi- 
ciency and insufficiency have by some researchers previ- 
ously been considered to be uncommon in the female 



Swedish population [10], but these views are based on 
studies of postmenopausal women with osteoporosis. 
This observation might not be relevant for all women, 
and especially not for immigrant subpopulations. 

For good bone health, blood concentrations of 
50 nmol/L 25(OH)D are needed [1]. For other aspects of 
general health, a concentration of 75 nmol/L has been 
suggested [17]. Fifty percent of the ethnic Swedish 
women in our study had plasma 25(OH)D concentra- 
tions below 50 nmol/L. For immigrant women, the ma- 
jority should probably be advised to take greater 
supplements of vitamin D than the present recommen- 
dations, and perhaps even without testing for vitamin D 
concentrations in the blood, especially if their intake 
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from food is low. The latter could easily be assessed with 
a few questions since most vitamin D consumed in food 
is present in only a few food items. 

The strengths of the study was that women with lim- 
ited knowledge of the Swedish language were not ex- 
cluded and that the individual interviews enabled 
inclusion of illiterate women, since they are a vulnerable 
population group with an increased risk of health prob- 
lems [18]. Moreover, the study appointments took place 
between January and March in order to obtain blood 
samples that reflected the lowest values during the year 
in Sweden [19]. 

A limitation was that the study was too small to reli- 
ably rule out non-significant results and limited the 
generalizability. Also, the concept of sun holiday was dif- 
ficult to standardize. In addition, the FFQ questionnaire 
has not been validated, but the results were compared 
with the results from a nationwide Swedish survey [20] 
and the intake of vitamin D was estimated to be similar 
(5.1 |ig/d respectively 4.9 |ag/d). Another limitation of 
this study may have been the choice of method for ana- 
lysing plasma-25(OH)D. Other assays are available, and 
their comparability is uncertain. The HPLC method 
seems to be more accurate and reliable than other 
methods. In our study we found that two thirds of the 
immigrants had deficient concentrations of plasma-25 
(OH)D (<25 nmol/L), but if we had used another 
method, e.g. HPLC, probably fewer women would have 
had deficient concentrations. However, the difference in 
plasma-25(OH)D between our two groups would still 
remain. 

In future research, the need of treatment for low 25 
(OH)D values in immigrants who have moved from 
southern to northern latitudes should be further investi- 
gated. Culturally adjusted measures should be consid- 
ered for this vulnerable group. 

Conclusions 

Vitamin D deficiency was common among the women 
in the present study, with sun holiday, origin as main 
determinants of 25(OH)D concentrations in plasma. 
Given a negative effect on health this would imply need 
for vitamin D treatment particularly in women who have 
moved from southern to northern latitudes. 
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